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The tropical conifer Widdringtonia whytei Rendle is an endangered species endemic to Mulanje Mountain in Malawi. A study was conducted
for the ﬁrst time under controlled conditions in order to assess the effects of temperature and light on germination and viability of W. whytei seeds.
Seeds incubated at a constant temperature of 20 °C attained the highest cumulative germination percentage (100%) followed by 87% germination
under ﬂuctuating temperatures of 15 °C night/25 °C day. No seed germination occurred at temperatures below 15 °C. Seeds that failed to
germinate at temperatures below 15 °C showed the highest (N90%) viability compared to the seeds incubated at 25 °C (60%). Across temperature
regimes, germination was signiﬁcantly higher under light (44.7%) than dark (35.6%) conditions. It is concluded that temperature is one of the
critical factors for germination of W. whytei seed. The ability of W. whytei seeds to germinate both in light and darkness implies that the species
would unlikely form a persistent soil seed bank, an attribute which is common in species that survive in habitats frequently disturbed by ﬁres.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.
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The tropical conifer Widdringtonia whytei Rendle represents
one of nine Southern African conifer species (Mustart, 2008). It is
endemic to Mulanje Mountain in Malawi (Bayliss et al., 2007).
Further, W. whytei is an endangered species that has been given
global importance due to being listed by the IUCN onto a list of
43 conifer species worthy of special conservation attention
(Bayliss et al., 2007). The species has undergone a drastic decline
due to excessive exploitation and the effects of very intense
wildfires (Bayliss et al., 2007; Chapman, 1995). Consequently,
W. whytei populations are highly fragmented on the Mountain
and restricted to ravines and hollows on the plateaus, below cliffs
and in the gorges where the terrain affords some protection from
fires and logging, to some extent. Current W. whytei fragments⁎ Corresponding author.
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0254-6299/$ -see front matter © 2012 SAAB. Published by Elsevier B.V. All rights
doi:10.1016/j.sajb.2012.04.002show very poor natural regeneration (Makungwa, 2004). Until
recently, efforts towards understanding its ecology and conser-
vation have been very limited. To date, no information has been
presented on the ecological requirements of this species including
the germination of its seeds.
Germination is one of the most critical stages in the life cycle
of any plant (Thompson and Ooi, 2010), and germination
requirements are often assumed to be adaptations to the particular
habitats where the species occur (Meyer et al., 1990). Each
species has particular requirements for seed germination as a
result of adaptive radiation into patchy and changing environ-
ments (Simons and Johnston, 2006). Therefore, understanding
these requirements is very important in the conservation of
endangered species such asW. whytei. Temperature and light are
important ecological factors that regulate seed germination ofreserved.
26 T.F. Chanyenga et al. / South African Journal of Botany 81 (2012) 25–28many plant species (Baskin and Baskin, 1998; Botha et al., 1982;
Jarvis and Moore, 2008). Both low and high temperatures have
been reported to inhibit seed germination in several species
(Amri, 2010; Teketay, 1994).
The role of light in the germination of seeds has been studied
by several authors (Baskin and Baskin, 1998; Botha et al., 1982).
Some seeds germinate equally well in light and darkness (Baskin
and Baskin, 1998), while others germinate more readily either
only under light (Baskin and Baskin, 1990; Colbach et al., 2002;
Grime et al., 1981) or darkness (Baskin and Baskin, 1990;
Thanos et al., 1989). In addition, light requirements for seed
germination may vary with changes in temperature (Baskin and
Baskin, 1998; Farmer et al., 1984; McLemore and Hansbrough,
1970). Although many studies have been conducted on the
effects of temperature and light on seed germination, temperature
and light germination requirements are relatively unexplored in
many plant species (Cony and Trione, 1996).
No studies exist on the effects of temperature and light on
seed germination of W. whytei. Therefore, the objective of this
study was to determine the temperature and light requirements
for germination of its seeds.
2. Material and methods
2.1. Site description
Mature cones of W. whytei were collected and bulked in
August 2009 from a large population (86 trees of different
sizes) at Sombani (15°52′41″S and 35°40′89″E) on Mulanje
Mountain. The temperatures on Sombani vary from 5 °C in
winter to about 28 °C in summer. The lowest temperatures
usually occur in June/July while the warmest temperatures
occur in October. More than 2200 mm of rainfall is received on
the site annually. The altitude at Sombani ranges from 1660 to
2265 m above sea level (Lawrence et al., 1994). Seeds were
obtained after the cones were placed and allowed to open in the
shade at the Forestry Research Institute of Malawi, Zomba. In
the drying shade temperature varied between 22 and 30 °C and
the relative humidity ranged between 30% and 38%. Seeds
were dried to 5% moisture content (Gondwe, 2008). The seed
moisture content (MC) was determined gravimetrically and
expressed on a fresh weight basis. The dry mass was measured
after heating seeds in an oven for 17 h at 103 °C according to
the International Seed Testing Association rules (ISTA, 2003).
Seeds of W. whytei are 25 mm long and 12 mm wide with a
wing and are dark in colour (Pauw and Linder, 1997).
2.2. Seed germination and viability
Germination tests included seven temperature regimes with
light and dark treatments. Each treatment was replicated five
times with 20 seeds per replicate. Seeds were placed in 9-cm
diameter Petri dishes filled with Agar-agar, and incubated in
LTGC-40 growth cabinets at constant temperatures of 5, 10, 15,
20 and 25 °C and two alternating temperatures of 15 °C night
and 25 °C day and 10 °C night and 20 °C day temperatures.
These alternating temperatures will be referred to as 15N/25Dand 10N/20D in the following discussion. Seeds under the light
and dark treatments were exposed to a photoperiod of 12 h
light/12 h dark hours or continuous dark respectively. Light
was provided by the cool-white 40-W fluorescent bulbs with
1000 lx (ISTA, 2003). Fluorescent tubes were used because
they emit considerable red but little far-red light (Baskin and
Baskin, 1998). Dark condition was provided by wrapping Petri
dishes in three layers of aluminum foil (Baskin and Baskin,
1998). Germination counts under light treatments were
recorded daily for 30 days while samples in darkness were
opened on the final day of the experiment. A seed was
considered to have germinated when the radicle was observed.
Complete germination rarely occurs when undertaking seed
germination experiments (Scott et al., 1984). Seeds that failed
to germinate at the end of the observation period were tested to
see if they were viable. Vital staining with 2,3,5-triphenyl-2H-
tetrazolium chloride (tetrazolium test) was used in this study
and was followed by cutting tests for confirmation. Seeds
cleaned with water and soaked in 1% tetrazolium chloride
solution for 8 h at 25 °C (ISTA, 2003). Pink embryos were
scored as live and total count was expressed as percentage of
viable seeds. The tetrazolium test (Baskin and Baskin, 1998) is
a rapid biochemical test of seed viability compared to the more
slow germination assays (Donald, 1994). The tetrazolium test
becomes a dormancy test when it is done on the ungerminated
seeds left after a standard germination test or as a separate test
alongside the germination test.
2.3. Statistical analysis
Final germination percentages were calculated for each
treatment as the cumulative number of germinated seeds with
normal radicles out of the total of 20 seeds per replicate. Since
the germination percentage data violated the normality
assumptions (Shapiro–Wilk and Kolmogorov–Smirnov tests),
arcsine transformation was applied before subjecting the data to
analysis of variance (ANOVA) using the GLM procedure of the
SAS software version 9.1 (SAS Institute Inc., USA). Means
were separated using Tukey's studentized range test (HSD).
3. Results
3.1. Germination response
Cumulative germination percentage after 30 days significantly
differed with temperature (F=211.1, Pb0.001, df=6), light
condition (F=26.8, Pb0.001, df=1) and their interaction effect
(F=5.8, Pb0.001, df=6). The highest cumulative germination
percentage (100%) was recorded in seeds incubated at a constant
temperature of 20 °C, followed by alternating temperatures of
15N/25D, which achieved 87% germination (Fig. 1). The lowest
germination percentage (0%) was recorded at constant temper-
atures of 5 and 10 °C. Across temperature regimes, germination
was significantly higher under light than dark conditions
(Fig. 2a). The highest germination was observed at 20 °C under
both light and dark conditions. However, germination in the
dark was slightly higher than in the light under alternating
Fig. 1. Cumulative distribution of germination of Widdringtonia whytei seeds
over the germination period.
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that germination reaches 100% within 25 days at a constant
temperature of 20 °C while at the alternating temperatures of
15 N/25D it took almost 30 days to attain 80% germination
(Fig. 1). It took about 16 days for seeds to start germinating atFig. 2. The effect of different temperature and light conditions on (a) mean
germination and (b) viability of Widdringtonia whytei seeds after 30 days. Bars
represent mean±standard error.constant temperature of 20 °C and alternating temperatures of
15 N/25D. It took 21 days for seeds to start germinating at
constant temperature of 15 °C and alternating temperature 10 N/
20D (Fig. 1). Germination remained below 50% either at constant
temperatures below or above 20 °C.
3.2. Seed viability
After 30 days of germination assay, seeds that failed to
germinate at constant temperatures of 5 and 10 °C both under
light and dark conditions showed N90% viability (Fig. 2b).
This was followed by seeds that were germinated at 15 °C
constant temperature under both light and dark conditions. The
lowest overall seed viability was recorded on seeds incubated at
25 °C (68%). Many ungerminated seeds under dark conditions
remained viable across temperatures regimes (Fig. 2b).
4. Discussion and conclusions
W. whytei seed germination exhibited a parabolic relation
with the optimal temperature being about 20 °C. This agrees
well with the mean annual temperature distributional range on
Mulanje Mountain. Seeds germinated faster at temperatures
between 15 and 25 °C. This behavior is similar to the germi-
nation requirements observed in other tropical montane tree
species (Xiao et al., 2010). In the field, this temperature range
occurs in early December during the rainy season. This suggests
that maximum germination potential of W. whytei seeds would
occur around December.W. whytei seed germination was higher
at constant than at alternating temperatures. Although seed
germination was higher at constant temperatures, alternating
temperatures have been found to be more favourable for ger-
mination than constant ones (Thompson and Grime, 1983),
since seeds are exposed to alternating and not constant tem-
peratures in natural habitats (Baskin and Baskin, 1998).
The results from viability tests revealed that W. whytei seeds
which did not germinate at low temperatures of 5 or 10 °C were
mostly viable. This is in agreement with earlier reports that
germination of most tropical species ceases at 10 °C (Khan and
Ungar, 1999; Simon et al., 1976). Low temperatures (b15 °C)
experienced on the forest floors of Mulanje Mountain during
winter (June and July) (Chapman, 1995), could probably
restrict seed germination by inducing dormancy. Lack of
germination when seeds are exposed to low temperatures also
suggests that little or no winter germination would take place in
the field, which would consequently reduce the risk of higher
seedling mortality later during the dry season. Furthermore,
seeds dispersed in winter would partly contribute to the soil
seed bank which is dominated by seeds dispersed in the dry
season (August to October) (Chanyenga et al., 2011). In
contrast, high temperature of 25 °C increased seed mortality
suggesting that temperatures higher than 25 °C may prevent
germination ofW. whytei as a result of increased seed mortality.
Although seeds germinated in both light and darkness, more
seeds germinated under light than dark conditions. Similar
responses were reported for other species (Grime et al., 1981).
The ability of seeds to germinate under light and dark conditions
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exposed on the soil surface disputing earlier suggestions that
W. whytei seed requires light to germinate (Chapman, 1995).
These characteristics suggest that W. whytei cannot form a
persistent soil seed bank (Fenner and Thompson, 2005; Pons,
2000). From this study, it can be concluded that temperature is
one of the critical factors for germination of W. whytei seed and
that the seed does not require light to germinate.
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